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Description 

FIELD OF THE INVENTION 

The present Invention relates to a trar^lssion 
power controller used In digital telecommunications, 
particularly in mobile communications affiled with a 
code division multiple access (CDMA) system. 

BACKGROUND ARfT 

In a CDMA system, since the same frequency band 
is used by a plurality of communicators, signals of other 
communicators become interference signate which 
degrade communication quality of own channel. When 
a mobile station near the base station and a mobile sta- 
tion far from the base station make comnujnication 
simultaneously, transmission signal from the near 
mobile station is received at a high power at the base 
station. 

Therefore, a problem occurs in that communication 
between a far mobile station and the base station Is 
interfered in by a near nrobile station resulting in a con- 
siderable degradation of channel quality, tiiat is. a near- 
far problem. As a technology for solving the near-far 
problem, studies have heretofore been conducted for 
transmission power control. Transmission power control 
is for controlling the transmission power so that a recep- 
tion power received by tiie receiving sfation. or a signal- 
to-interference plus noise power ratio (SIR) obtained 
from the received power Is constant in-espective of the 
location of the mobile station, thereby obtaining an uni- 
form channel quality wittiin the service area. In particu- 
lar, for an uplink channel, transmission power control of 
r^ective mobile stations is perfonned at the base sta- 
tion reception end so tiiat received power of transmis- 
sion signal from each mobfle station or SIR is constant. 
In a CDMA system where Interference signals from 
other communicators are regarded as whrte noise, a 
large number of otfier communicators con-espond 
equivalentiy to an inaeased noise power and. in tiiis 
case, a subscnljer capacity within the same cell 
depends on received SIR which can obtain predeter- 
mined diannel quality. 

For a downlink, on the other hand, since signal of 
own channel and Interfering signals of other communi- 
cators pass ttirough the same transmfesion route, long- 
term variations, short-term variations, instantaneous 
variations, and ttie like are the same variations as the 
own channel signal, and always constant in received 
SIR except for noise power. 

Therefore, transmission power control is needless 
when handling only interference in the same cell. How- 
ever, in a CDMA of whitened interference, an adjacent 
cell also makes communication using tfie same fre- i 
quency band, interference from other cells nujst be con- 
sidered. Interference power from another cell is same 
instantaneous variation by Rayleigh fading as interfer- 



ence power wititin the cell, however, since it is not tfie 
same variation as the desired signal of own station, 
transmission power control is required which follows up 
instantEineous variation. 

As a transmission power control system which fol- 
lows up Instantaneous variation, there is a transmission 
power cortrol system by closed loop ising a transmis- 
sion power control bit When a base station is communi- 
cating witti a mobile station wrtiiin the cell of tiie base 
10 station, the mobile station measures received SIR of tfie 
desired wave from the base station, and determines a 
transmission power control bit for controlling transmis- 
sion power of the b^e station according to the meas- 
urement result. The mobile station inserts tfie 
15 transmission power control bit in tfie traismissfon signal 
and transmits it to the base statioa The base station 
receives tfie signal transmitted from tfie nwbile station. 
Gxtmtts tfie transmission control bit. and detemiines tfie 
transmission power according to instruction of the trans- 
20 mission power control bit Furtfier, tfie base station 
measures received SIR of the desired wave from the 
mobile station, and determines a transmission power 
control bit for controlling transmission power of the 
mobile station according to the measurement result. 
25 The base station inserte the transmission power control 
bit in the transmission signal and transmits it to ttie 
mobile station. The mobile station receives the signal 
transmitted from the base station, extracts tfie transmis- 
sion power cortrol bit, and determines tfie transmission 
30 power according to instruction of tfie transmissfon 
power control bit 

Object of making transmission power control is for 
maintaining channel quality (PER: frame error rate, or 
BER: bit error rate) of tfie channel in a predetermined 
35 quality. 

Fig. 1 shows the relationship between the maxi- 
mum Doppler frequency and received SIR required for 
attaining a predetermined channel quality using tfie 
number of multipaths as a parameter. Received SIR 
40 required for attaining a predetermined channel quality 
varies with propagation environment such as moving 
speed of tfie mobile station, tiiat is. tfie maximum Dop- 
pler frequency of fading, number of multipaths, and tfie 
like. Therefore, in prior art tiansmission power cortrol 
45 based on received SIR measurement, ttiere has been a 
problem in ttiat it is necessary to set a received SIR 
when giving a propagation environment of worst chan- 
nel quality, and transmission is made at an excessively 
high transmission power even in a propagation environ- 
so ment of good characteristics. Furtfier, there has also 
been a problem in ttiat, when measurement accuracy of 
received SIR is low, since transmission power control is 
made according to a wrong measurement result, ti^ns- 
mlssion cannot be made at a proper transmission 
55 power. 
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DISCLOSURE OF THE INVENTION 

With the aim of solving the above problems, an 
object of the present Invention is to achieve transmis- 
sion power control which provides consistent channel s 
quality in^espective of propagation environment or 
received SI R measurement accuracy. 

There is provided a transmission power controller of 
at least one of a base station and a mobile station in a 
mobile communication system including the base sta- 10 
tion and the mobile station, characterized by compris- 
ing: 

means tor measuring a received SIR (signal-to- 
interference plus noise power ratio); is 
means for conparing a measurement result of the 
received SIR with a predetermined target value of 
SIR; 

means for outputting transmission power control 
information to an opposing station according to the 20 
comparison result; 

means tor receiving and demodulating the trans- 
mission power control information transmitted from 
opposing station; 

means for controlling transmission power of own 2s 
station according to the demodulated transmission 
power control information; 
error/rate measuring means for measuring an error 
rate of recdved signal; and 

means for changing the SIR target value according 30 
to measurement of the received signal error rate. 

Here, the error rate measuring means may com- 
prise: 

35 

means for detecting presence of a frame error by 
detecting a CRC (cyclic redundancy check) bit 
added to wireless frame signal; 
means for counting the number of the frame errors 
in an optional measuring time; and 40 
means for comparing the nunrri3er of measured 
frame errors with a predetermined frame error 
number setting value. 

The error rate measuring means may comprise: 4s 

means for detecting presence of a frame error by 
detecting a CRC bit added to wireless frame signal; 
means for determining a moving average of errors 
in an optional number of frames using the frame so 
errors; and 

means for comparing moving average of the meas- 
ured errors with a predetermined setting value of 
frame errors independently of period of the optional 
number of frames. ss 

The means for changing the received SIR target 
value: 



may make an Instruction to decrease the SIR target 
value by a predetermined step width when nun^er 
of measured frame errors or a moving average 
thereof is smaller than a setting value, and may 
make an instruction to increase the SIR target value 
by a predetermined step width when the number of 
frame errors or a moving average thereof is greater 

than a setting valua 

The error rate measuring means may comprise: 

means for detecting bit errors of known pilot signals 
inserted at a predetermined interval in wireless 
frame; 

means for counting the number of bit errors in an 

optional measuring time; and 

means for conparing the measured number of bit 

errors with a predetermined bit error number setting 

value. 

The the error rate measuring means may comprise: 

means for detecting bit errors of pilot signals 
inserted at a predetermined interval in wirdess 
frame signal; 

means for determining a moving average of bit 
errors in an cptional period using the bit OTors; and 
means for comparing moving average of the meas- 
ured errors with a predetermined setting value of bit 
errors independently of the optional period. 

The means for changing the received SIR target 
value: 

may make an instruction to decrease the SI R target 
value by a predetermined step width when number 
of bit errors in measured pilot eignsils or a moving 
average thereof is smaller than a setting value, and 
may make an instruction to increase the SIR target 
value by a predetermined step width when the 
number of bit errors or a moving average thereof is 
greater than a setting value. 

As described above, since FER or BER is meas- 
ured to change a target value of received SIR, transmis- 
sion power control can be performed without influence 
of measurement accuracy of received SIR. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a graph showing the relationship between 
maximum Doppler frequency and received SIR 
required for attaining a predetermined channel 
quality using the number of multipaths as a param- 
eter; 

Rg. 2 is a diagram for explaining the principle of the 
transmission power controller according to the 
present invention; 
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Fig. 3 is a diagram showing an embodiment of the 
transmisa'on power controller; 
Fig. 4 is a diagram shewing another embodimeit of 
the transmissk)n power controller. 

6 

BEST MODE FOR PRACTiCINQ THE INVENTION 

Eni)odlments of the present invention will be 
described with reference to the drawings. 

The principle of the present invention will be io 
described using Rg. 2. Rg. 2 is a Uotk diagram of part 
of a transmitterAeceiver related to the pr^ent invention 
in a base station or a mobile station in a mobile commu- 
nications system. 

In Rg. 2, received signal is caised to be a base- is 
band signal in an RF unit 3, and then A/D converted to 
a digital signal. The digital signal is subjected to 
processing such as despreading or the Bl« in a demod- 
ulatorydecod©- 3i to be decoded into digital information. 

Using the signal from the demodulator/decoder 31. 20 
a Signal-to Interference plus Noise power Ratio (SIR) is 
measured in a SIR measuring unit 6. Received SIR as a 
measured value from the SIR measuring unit 6 is com- 
pared in a comparator 7 with a target SIR from a target 
SIR decision unit. As a result when the received SIR is 2s 
smaller than the target SIR. a control bit for instructing 
an increase of transmission power is generated from a 
transmission power control bit decision unit 13. and 
when the received SIR is greater than the target SIR, a 
transmission power control bit tor Instructing a decrease 30 
of transmission power is generated. TTie generated 
transmission power control bit is transmitted to the 
object station to control transmission power of the 
object station. This control is the same as prior art trans- 
mission power control. In the present invention, an error 3s 
rate of received signal is measured by a received signal 
error rate measuring unit 32. and the target SIR is 
changed by tiie error rate In the target SIR decision unit 
12. En^or of the received signal can be detected for error 
rate of received signal in an unit of frame using a CRC 40 
signal which is an error detection code in an unit of 
frame being sent. Further, by detecting error of known 
pilot signal inserted in a constant period, error rale of 
the received signal can also be detected. 

Rg. 3 shows an embodiment of transmitter/ireceiver 4s 
apparatus incorporating the transmission power control- 
ler of the present invention. 

In Rg. 3, reference numeral 1 indicates an antenna, 
2 is a TX RX duplexer. 3 is an RX RF unit 4 is a 
despread^, 5 is a coherent detector/RAKE combiner, 6 so 
is an SIR measuring unit 7 is an SIR conparator, 8 is a 
Viterbi decoder, 9 is a CRC detector. 10 is an FER 
measuring unit, 1 1 is an FER comparator. 12 is a target 
SIR decision unit 13 is a transmission power control bit 
decision unit, 14 is a signal generator, 15 is an encoder, ss 
16 is a modulator. 17 is a spreader. 18 is a TX RF unit 
19 is a transmission power control bit extractor, and 20 
is a transmission power controller. 



Next, operation when the present apparatus Is used 
as a mobile station will be described, ^ectrum ^read 
sigr^ transmitted from the base station is received by 
the antenna 1. TTie received signal passes ttirough the 
TX/RX duplexer 2 and is inputted in the RX RF unft 3. In 
the RX RF unit 3, the received signal is passed through 
a bandpass filter (BPF) to remove out-of-band conso- 
nants, and then frequency converted to an intermediate 
frequency band (IF band) by a dock generated by a 
local osdDator. After the received signal which is fre- 
quency converted to IF band is passed through a BPF. 
the received signal is corrected to an appropriate signal 
level by an automatic gain controller (AQC). quadrature 
detected, and then frequency converted to a baseband. 
The received signal which is frequency converted into 
baseband, after being passed tfirough a low pass filter 
(LPF), is analog/digital (A/D) converted into a digital sig- 
nal which is out):AJtted. 

TTie digital signal outputted from the RX RF unit 3 is 
despread in ttie despreader 4. and outputted as a nar- 
row band modulated signal. Signal outputted from the 
despreader 4 is demodulated in tiie coherent detec- 
tor/RAKE combiner 5 to be RAKE combined, and in the 
SIR measuring unit 6. measured for received SIR at 
every predetermined measurement period. Furtfier, 
transmission power control bit is extracted in the trans- 
mission power control bit extractor 19 and outputted to 
ttie transmission power controller 20. 

In ttie transmission power controller 20. transmis- 
sion power Is determined according to the transmission 
power control bit and control information is outputted to 
tile TX RF unit 1 8. Still further, the received signal which 
is demodulated in the coherent detector/RAKE com- 
biner 5. the RAKE combined received signal is Viterbi 
decoded by tiie Viteibi decoder, and outputted as an 
information signal. A CRC bit is delected by ttie CRC 
detector 9 from tfie Vrteriai decoded information signal. 
When CRC bit Is not detected, a franie error detection 
signal is outputted to tiie FER measuring unit 10. 

In tiie FER measuring unit 10, ttie number of frame 
enters is counted in an optional period (much longer 
than SIR measuring period in tiie SIR measuring unit 6). 
and FER measurement result is outputted to ttie FEfI 
comparator 1 1. In ttie FER measuring unit 10. an aver- 
age of frame en-or rate in a certain period is measured. 
In the FER comparator 1 1 . a con^arison Is made witii a 
predetermined target FER. When ttie measured FER 
value is smaller tiian tfie target FER, the FER compara- 
tor makes an instruction to ttie target SIR decision unit 
12 to decrease ttie target SIR. and when the measured 
FER value is greater ttian the target FER. ttie FER com- 
parator 11 instructs the target SIR decision unit 12 to 
increase ttie target SIR. 

Measurements in tiie FER measuring unit 10 are 
averaged at every constant period to obtain a measure- 
ment result However, by ising moving average in FER 
measurement, averaging time to determine FER and 
target SIR cortrol period can be made asynchronous 
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with one another. 

The moving average of FER is given by 

FER(n) o a X FER (n-1) + (1-a)ERR. 

6 

wherein n is a frame nunr^er, a i& a forgetting factor, and 
ERR Is a CRC measurement result that is. it is 0 when 
the present nth frame is normaliy detected, and 1 for 
error. 

Therefore, in the above FER moving average equa- io 
tion, when it is assumed as 

a - 0.9, 

CRC measurement of the present frame is added with is 
an weight of 0.1 , thereby obtaining the moving averaged 
FER. This corresponds to determination of moving 
average of 10 frames moved by every 1 frame. 

As described above, by maldng measurement of 
the FER measuring unit 10 according to the concept of 20 
moving average, control of the SIR target value can be 
determined Independent of averaging period. There- 
fore, for example, it is possible to determine FER by set- 
ting the average of 1000 frames as 

2S 

a « 0.999, 

and make SIR target value setting control at every 100 
frames. 

When the target SIR is changed. In addition to a 30 
dynamic changing method of the target value, it is also 
possible to increase or decrease by only a predeter- 
mined step width. In this case, when measured value of 
FER in the FER comparator 1 1 is smaller than the target 
FER, an instruction is nrtade to the target SIR decision 35 
unit 12 to decrease the target SIR by a predetermined 
value (step width), and when the FER measured value 
Is greater than the target FER, an Instruction is made to 
the target SIR decision unit 12 to increase the target 
SI R by the predetermined value (step width). 40 

In the SIR comparator 7, the target SIR updated at 
every FER period is compared wKh received SIR meas- 
ured in the SIR measuring unit 6 and, according to the 
conparison result, the transmission power control bit 
decision unit 13 generates a control bit to instruct an 46 
Increase of transmission power when the received SIR 
is smaller than the target SIR, or a control bit to instruct 
a decrease of the transmission power when the 
received SIR is greater than the target SIR, and outputs 
the control bit to the signal generator 14. so 

In the signal generator 14, transmission frame is 
constructed including the transmission power control bit 
sent from the transmission power control bit decision 
unit 13, and oulputted to the encoder 15. Encoded 
transmission signal is modulated in the modulator 16, ss 
spread in the spreader 17. artd then outputted to the TX 
RF unit 18. In the TX RF unit 18, transmission signal 
which is frequency converted to IF and RF bands is 



transmitted at a transmission power based on control 
information outputted from the transmission power con- 
troller 20. 

Rg. 4 shows a transmitter/lreceiver apparatus incor- 
porating another enrrisodiment of the transmission power 
controller of the present invention. In Fig. 4, reference 
numeral 21 indicates a pilot signal detector. 22 is a bit 
en-or rate (BER) measuring unit, and 23 is a BER com- 
parator. The same components as in Fig. 2 are Indi- 
cated with the same symbols. 

In the present embodiment determination of the 
target SIR is made by a bit en-or rate (BER) of pilot sig- 
nal. Specifically, in the pilot signal detector 21, a pilot 
signal which is known to both the base station and 
mobile station Is detected fram a despread signal, when 
the detected signal is different from the known signal, bit 
error detection Information is outputted to the BER 
measuring unit 22. 

The BER measuring unit 22 counts the number of 
pilot signal errors in an optional period (much longer 
than SIR meiasuring period in the SIR measuring unit 6) 
and outputs the BER measurement result to the BER 
comparator 23. in other words, the BER measuring unit 
22 measures an average of error rate of pilot signal in a 
certain period. In the BER comparator 23, comparison 
is made with a preset target BER. As a result the BER 
comparator 23 instructs the target SIR decision unit 12 
to change the target SIR value. 

Similar to the above-described FER measurement, 
measurement In the BER measuring unit 22 determines 
an average at every constant period to obtain a meas- 
urement result. However, by using the moving average 
also in the BER measurement averaging time to deter- 
mine BER error and target SIR control period can be 
made asynchronous with one another as described 
above. 

The moving average of BER is given by 

BER(n) » a X BER (n-1) + (l-a)ERR. 

wherein n is a frame number, a is a forgetting factor, and 
ERR is a pilot signal error detection result, that is, it 0 
when pilot signal of the present n'th frame is normally 
detected, and 1 for error. 

When the target SIR is changed, in addition to a 
dynamic changing method of the target value, It Is also 
possible to increase or decrease by only a predeter- 
mined step width. In this case, when measured BER is 
smaller than the target BER, an instruction is made to 
the target SIR decision unit to decrease the target SIR 
by a predetermined value (step width], and when the 
measured BER is greater than the target BER, an 
instruction is made to the target SIR dedsiori unit 12 to 
Increase the target SIR by the predetermined value 
(step width). 
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UnUZABILITY IN INDUSTRY 

As desolbed above in detail, it is possible to 
achieve transmission power control which provides the 
same channel quality in-espective of propagation envi- s 
ronment and received SIR measurement accuracy. 

daims 
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A transmission power controller of at least one of a 10 
base station and a mobile station in a mobile con> 
munication system including said base station and 
said mobile station, comprising: 

means for measuring a received SIR (signal-to- is 
interfermce plus noise power ratio); 
means for conparing a measurement result of 
said received SIR with a predetemiined target 
value of SIR; 

means for outputting transmssion power con- 20 
trol information to an opposing station accord- 
ing to said comparison result; 
means for receiving and demodulating said 
transmission power control information trans- 
mitted from opposing station; 25 
means for controlling transmissfon power of 
own station according to said danodulated 
transmission power control information; 
error/rate measuring means for measuring an 
en-or rate of received signal; and 30 
means for changing said SIR target value 
according to measurement of said received 
signal enror rate. 

The transmission power controller as claimed in 3s 
Claim 1, wherein said error rate measuring means 
comprises: 

means for detecting presence of a frame enror 
by detecting a CRC (cyclic redundancy chedk) 4o 
bit added to wireless frame signal; 
means for counting tiie number of said frame 
en-ors in an optional measuring time; and 
means for conrparing said number of meas- 
ured frame en-ors witti a predetermined frame 4s 
error nunrtoer setting value. 



3. The transmission power controller as claimed in 
Claim 1, whwein said en'or rate measuring means 
comprises: go 

means for detecting presence of a frame error 
by detecting a CRC bit added to wireless frame 
signal; 

means for determining a moving average of 55 
en'ors in an optional number of frames using 
said frame errors; and 

means for comparing moving average of said 



2. 



measured errors with a predetermined setting 
value of frame errors indepoidenUy of period of 
said optional number of frames. 

The transnftssion power controller as claimed in 
Qalm 2 or 3. wherein said means for changing said 
received SIR target value: 

makes an instruction to deaease said SIR tar- 
get value by a predetennined step width when 
number of measured frame errors or a moving 
average thereof is smaller tfian a setting value, 
and makes an instruction to increase said SIR 
target value by a predete-mined step width 
when the number of frame en-ors or a moving 
average thereof is greater than a setting value. 

The transmission power controlla' as claimed in 
Claim 1, wherein said error rate measuring means 
comprises: 

means for detecting bit errors of known pilot 
signals inserted at a predetenmined interval in 
wireless frame; 

means for counting said number of bit errors In 
an (ptional measuring time; and 
means for comparing said measured number 
of bit errors with a predetermined bit error 
number setting value. 

The transnrwssion power controller as claimed in 
Claim 1, wherein said error rate measuring means 
comprises: 

means for detecting bit errors of pilot signals 
inserted at a predetern^ned interval in wireless 
frame signal; 

means for determining a moving average of bit 
errors in an optional period using said bit 
errors; and 

means for comparing moving average of said 
measured en-ors with a predetermined setting 
value of bit enors independentiy of said 
optional period. 

The transmission power controller as claimed In 
Claim 5 or 6, wherein said means for changing said 
received SIR target value: 

makes an instruction to decrease said SIR tar- 
get value by a predetermined step width when 
number of bit errors in measured pilot signals 
or a moving average ttiereof is smaller flian a 
setting value, and makes an instruction to 
increase said SIR target value by a predeter- 
mined step widtii when the number of bit errors 
or a moving average thereof is greater than a 
setting value. 
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